® J) 



A2 



Europaisches Patentamt 

European Patent Office 0 PuWicationnumbw: 0^059 380 

Office europeen des brevets 



EUROPEAN PATENT APPLICATION 



® Applicatkmnumber: 82101235^ ©•«t.a>: B 01 F Wm ^ ^ ^^^^ 

® Dateatf.lln9: 1B.«* B 01 F 15/06 B 01 F WO 

^ B 01 F 5/06, B 01 F 5A)8 

B 01 F 5/10 



@ Priority: C44»8«l us 240470 

@ Date of pubfication of appfication: 
084M2 Bunalbi B2M 

ffi) Designated Contracting States: 

AT BE OH OE FR 68 IT U Nt SI 



©Applicant: H4mar.ChaHaaGaof9«.i<^ 
4110 County Una 
CaisenCltyNavadalUS) 

0 Inventor: HiittM«ChailaaGaoffea«ni 
41ie County Una 
CMaanCltyNotfadatUS) 

0 Rapraaantative: BalUlaJalnCamaion at at 
e/0 Ladaa & Parry laartorplau 8 
D-8000 Mflndian 2IDEI 



< 

O 

to 
« 

0) 
tn 
o 



0 System lor dispanaing curable composhlona. 

® A method and apparatus (or dispensing curable com- 
positions formed by a mixture of first and second materials 
which, whan mmad in prescribed ratio, interact with each 
other to provide a ralatWaly rapidhf curable composition, 
such as a polymariiBbIa apoxy main orthe like. The materials 
are individually pumped and mataiad through a ^nx ^j^^ 
(36) and a dispensing vaWa 140) to a dispensing noale t44). 
During start-up. the dispensing vahfe (40) Is dosed, and ^a 
Initial mixed composition to dnrertad through a bypass vaWa 
(48) for dilution and mixture with a diluem stream of the first 
material In a second mixer (60) and for return of the diluted 
mixture to the supply reservoir (181 of the first material. 
When a homogeneous mixture of prescribed ratio is 
achieved ai the outlet (38) of the first mixer (36), the bypass 
valve (48) is closed and the dispensing valve (40) can be 
opened to allow dispensing of the composition. Upon 
shut-down, supply of the second material to the f irai mbcar 
(38) is ceased, and the dispensing valve (40) and bypass 
valve (48) are closed and opened, respeciivefy. The firal 
material is supplied to the first mixer (381 and through the 
bypass valve (48) to flush the composition therefrom and for 
dilution of the composition with the diluent stream in the 
second mixer (60). 
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This ln«.ntl«, flirtM to dlsp»«l«9 syst«« <or .Ixing 
„d dl.p.»s.n9 -.tlco-^cn-.* curabl. canp».tloos. Buch « 
po.,~rU*.. ep-y by . -.Cur. prescr b.d 

n^rof t« or «or. «t.rl.ls .uch » . I.»e «.t,r... ». .=» 
„^r «t.r.... .P.c,..c.ny. «.U ,„ve«t.» r...t« to 

^,t.on or -.ter,.l con^e-t. th.™of durlos st.rt-.p. non-1 
oporstlon, or shut do«n proodgres. 

Dliponslns sy»t« ""•<«"'"» 
caM.o«nt curable conditio* i,r. «1 1 Kno-» In t*. .rt. Such 
systems typlc.l. Include, for »«pl., epproprlet. p»»pln9 

; „«,anls« for p«,l»S «>- -^''0 ^. 
. b«. «url.l -.d «. ecceleretor -t.rl.1, I. . P^"'^' ^'^ 

to . .iKlno -re ««. "t.r « tborou*,y ».x.d t- 

■etber. ««« -I-d. the t-o «t.rl.ls Interact -Ith other 
To ««t. . flo-eble. cur«..e «»posltlc- -h.ch .111 se^ ^. 
0 h.rd«. to . n«,f iceble stete In . rel.tl..ly short "'^^'■'J^ ^^ 
„..rr,d to frequently es the cur. time. Ex-ple. of •»» ~- 
positions ere poly-ner.zebl. resins end the 11*. .h«. n th. 
Lterl.l comprises . subst«K. Includlnj unr.«t.d p.ly~r. 
es . polysulflde resin tcgethr ..th dl luting «.l-»nts su* .. 
„ «.,u.ne for vleoclty control , ».d -»™ln the ««ler.tor «t- 
erlel cc»prlses . poly»erlz.tlon Inltlefor such es .n epprcp ..te 
oxidizer .hlch p^vldes the desired che.lcl reaction .h«. »lx.d 
.,fhtheb.s.»rterl.l. various other che.lc.1 coeipcnents end 
co^mat.ons of cc«^ents «y be Included In either the b»e 
30 ~ter... or the eccelerator ™ter... to adjust 

slcel prop.rtl.. of the .Ixed composition, and .n,lrc««otel 
,.r«lrs such as t«^r.ture c» be c^trolled to .ncre». or 
decease cure time, es desired. In any e«nt, the ''^J^ 
position must be supplied prompt,, from the m.xln, 
55 appropriate dispensing nozzle for application to a surface before 
the composition cures. 

Curable compositions of the general type described 
are used, for exampl dheslves or sealants In a wide var- 
iety of industrial applications. The mixed composition Is 
40 applied fro. the dispensing syslem through dispensing nozzle 



-2- *O059$80 

directly to the surface or point of application where the com- 
position Is desired. In a oomnon assembly line type operation, 
the flow of the mixed composition Is necessarily required to be 
intermittent as the composition Is applied to production Items 
In sequence passing along the assembly line, in order to pre- 
vent substantial waste of the composition as the dispensing 
nozzle is moved from one production Item to another. 

In production-type situations. It Is highly desirable 
for the composition to cure as rapidly as possible so that sub- 
sequent production operations can be perfom^d without signlfl* 
cant time delay. Exemplary methods of substantially decreasing 
the cure time of the composition are appropriate adjustment of the 
mixing retio of the two materials or elevation of the temperature 
level of the mixed composition. However, when a desirably rapid 
curing composition Is used, the Intermittent dispensing nature 
of the production environment substantially Increases the like- 
lihood of the composition reaching a npnflowable cured state 
before exiting the mixing device or the dispensing nozzle, there- 
by clogging the system. This clogging problem Is significantly 
compounded by normal production line Interruptions resulting from 
personnel rest periods, parts or product shortages, machine break- 
ages, and the like. Unfortunately, once the system Is clogged, 
It can be unclogged only by time-consuming disassembly and clean- 
ing of the clogged system components. 

In the prior art. It Is therefore common practice to 
utilize curable compositions having relatively long cure times, 
such as twelve to twenty-four hours, to avoid clogging of the 
composition dispensing system. This practice, however, requires 
the production Items to undergo relatively expensive heating 
processes to cure the composition If rapid cure times are 
desired. Alternately, the production Items must be stored In 
a suitable holding zone until complete curing at ambient tem- 
perature Is achieved, but this latter alternative unnecessarily 
occupies floor space in an Industrial facility which Is desirably 
utilized for more productive purposes. 

Some prior art dispensing systems have been proposed 
to Include features for purging mixed composition from the sys- 
tem whenever dispensing of the composition Is halted for a 
period of time sufficient to create clogging difficulties. 
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For example, so-called solvent purge systems are knonn wherein 
a suitable solvent Is supplied to the mixing device for flow 
therethrough and further through the dispensing no«le to flush 
and -ash the composition therefrom. The resultant contaminated 
solution of solvent and composition Is discarded, and additional 
base material and accelerator material are not supplied to the 
mixing device until additional composition Is required. 

Solvent purge systems are disadvantageous In that 
they r^qulr* relatively large quantities of relatively expensive 
solvents, typically petroleum-based solvents such as methylene 
chloride or the like. This type of solvent, as well as the 
flushed composition, a>«prlse toxic waste substances which are 
not easily or Inexpensively discarded. Moreover, when the dis- 
pensing IS subsequently restarted, an Initial portion of the mix- 
ed composition tends to be "off-ratio" and may Include undesi- 
rable traces of solvent, thereby requiring this Initial portion 
of the composition elso to be wasted until a noncontamlnated 
homogeneous mixture Is achieved. 

Another purge system proposed In the prior art com- 
prises a so-called base purge system for flushing mixed com- 
position from the mixing devl« and the dispensing nozzle. In 
this type of system, the accelerator material flow to the 
mixing device Is ceased whenever purging Is required, and the 
base material flow Is continued for a period of time sufficient 
25 to flush completely the mixed composition from the mixing 

device and the dispensing valve. The flushed material which 
includes a high proportion of base material Is discarded, with 
the unmixed and uncurable base material In the mixing device 
preventing clogging of the system. See, for example, U. S. 

30 Patent No. 3,989,228. ' ^ 4. 

Dase purge systems are also disadvantageous In that 
th, "off-ratio" flush material which Is wasted Is both expensive 
and toxic. Moreover, when the system Is restarted, the initial 
mixed composition remains "of f-ratlo=' for a substantial period 

35 of time until the unmixed base material Is flushed completely 
from the mixing device and the dispensing nozzle. This un- 
desirably and significantly Increases the quantity of expensive 
waste material which must be properly disposed. 

The present Invention overcomes the problems and dls- 
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ddvantages of the prior art by providing an Improved system for 
dispensing curable compositions* The system Includes apparatus 
and method for preventing waste of any portion of the component 
materials while allowing the system to be started up and shut down 

3 as frequently as neoessary. 

SUMMARY OF THE INVEHTION 
in accordance with the Invention, a system Is provided 
for mixing and dispensing a curable composition formed from a 
plurality of component materials without waste of 'any portion 

10 of those materials. The system comprises pumping and metering' 
means for supplying at least two component materials, such as 
a base material and an accelerator material. In a predetermined 
ratio from Individual reservoirs to a component mixer which 
mixes those materials together to form the composition, such 

15 as a polymerlzable resin. The composition Is In turn supplied 
from the mixer through a dispensing valve which Is control lably 
opened and closed to control flow of the composition through the 
valve to a dispensing nozzle. According to the invention, the 
dispensing valve Is closed and the composition Is bypassed to 

20 a dilution circuit during start-up procedures until a homoge- 
neous composition Is achieved and during shut-down procedures 
unti I mixed composition Is flushed from the mixer. 

In a preferred form of the Invention, upon start-up 
of the dispensing systm, the dispensing valve Is closed and a 

25 bypass valve Is opened to cawnunlcate Initial mixed composition 
to the upstream end of a dilution mixer In the dilution circuit. 
This initial mixed composition Is thoroughly mixed with and 
diluted by a diluent stream comprising a relatively large flow 
of one of the two component material s> such as the base material, 

30 In sufficient proportion to provide a resultant diluted mix- 
ture having a sufficiently low amount of the other material to 
prevent curing for at least a reasonable period of time. The 
diluted mixture Is returned to the reservoir of the diluent 
stream unti I sufficient elapse of time to assure a homogeneous 

35 mixture at the outlet of the component mixture, at which time 
the bypass valve Is closed and the dispensing valve can be 
opened on demand to allow dispensing of the composition. 

When it Is desired to shut down the system, the 
bypass valve is opened once again and the dispensing valve is 
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closed. At the same time, a selector valve switches the flow 
of the other component material, typically the accelerator 
material, for direct return to Its reservoir without passege to 
the component mixer. Supply of the one component material, 
typically the base material Is continued to fill the conponent 
mixer and to flush mixed composition from the component mixer 
through the bypass valve and Into the dilution circuit for 
appropriate dilution of the composition In the dilution mixer 
and return of the diluted mixture to the appropriate reservoir. 
Upon elapse of sufficient time for complete flushing of the 
component mixer, the operating pumps and the IlKe In the 
system are shut down until restart Is desired. 

Upon restarting, the dispensing valve Is closed and 
the bypass valve Is opened so that the Initial component 
mixture. Inclusive of unmixed component material In the compon- 
ent mixer from the preceding flushing step Is bypassed to the 
dilution circuit for dilution. The positions of the dispensing 
and bypass valves are reversed when the mixed composition at the 
outlet of the component mixture Is homogeneous to al low the 
mixed composition to be dispensed through the dispensing nozzle. 

Other features and advantages of the present Invention 
will become apparent from the following detailed description, 
taken In conjunction with the accompanying drawings which 
Illustrate, by way of example, the principles of the Invention. 
RRIPF DESCRIPTIO N OF THE DRAWINGS 
The accompanying drawings Illustrate the Invention, 

In such drawings: 

FIGURE I is a schematic diagram illustrating a dis- 
pensing system embodying the novel features of this Invention; 

FIGURE 2 Is an enlarged fragmented sectional view, 
somewhat In schematic form. 1 llustrating a portion of the 
system of this invention; and 

FIGURE 3 is a schematic diagram illustrating an 
alternative embodiment of the Invention. 

FIGURE 4 is a portion of a schematic diagramji lustrat- 
ing another alternative embodiment of the invention. 

DETAILED DESCRIPTION OF THE PREFERP Pn FMRODIMENT 

As shown In the exemplary drawings, a dispensing 
system 10 is provided for mixing and dispensing a curable 
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composition. The cocnpositlon Is formed by mixture of tiio or 

more component materia Is, with two component materials being 

shown In the drawings and Identified as '*Part A" and *'Part B*. 

The component materials comprise flowable noncurable substances 

which, when mixed In specified proportion. Interact with each 

other to form the curable composition In flowable state which 

will set up or harden to a nonflowable or cured state In a 

raiatlvely short period of time. The dispensing system 10 of 

this Invention Is designed for mixing and handling of component 

materials and the resultant mixed composition without waste of 

any portion thereof during start-up or shut-down operating 

procedures. 

The mixbd composition comprises. In many typical 
ajipllcatlons, a polymerlzable resin or the like wherein the 
component material "Part B* comprises a base material sub- 
stance Including un reacted polymers such as a polysulflde 
resin. A solvent, such as toluene. Is frequently Included as 
part of the base material for viscosity control. The other 
component material J'Part B* typically comprises an agent for 
chemically Initiating polymer! zat i on , such as an appropriate 
oxidizer, when the accelerator material is mixed with the base 
material. Importantly, both the base material and the accelera- 
tor material can be formed from a wide variety of chemical 
substances^ and may Include various combinations of Ingredients 
to yield a precise set of physical parameters, such as cure 
time, stiffness, bond strength, etc., all In a well-known 
manner. For sake of convenience and ease of description, how- 
ever, the term 'accelerator material* will be used herein to 
refer to the material •Part A" and the term "base material • 
will be used herein to refer to the material "Part B". It is 
to be understood that the terms "acceleretor material' and 
'*base material*' are not Intended to limit the scope of the 
Invention, but are Intended to refer to two flowable substances 
which, when combined, Interact to produce a curable composition. 

As illustrated In FIG. I, the accelerator material 12 
Is stored In a reservoir 14 and the base material 16 Is stored 
In a separate reservoir 18. Typically, both reservoirs 14 and 
18 comprise drums or barrels In which the materials are normally 
shipped. A pair of metering pumps 24 and 26 are provided In 
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respective association with tha reservoirs 14 and 18, by maans 
of respective pump Inlet conduits 20 and 22, for drwlng and 
pu».plng metered quantities of the accelerator and base materials 
irm the reservoirs. The specific construction and operation 
of these metering pumps 24 and 26 Is believed to be well under- 
stood In the art. 

The two metering pumps 24 and 26 supply the accelera- 
tor and base materials through respective pump outlet conduits 
26 and 30 to a mixing Junction 32 where the component materials 
•re mixed together In a predetermined ratio for flow through an 
appropriate flow path 34 to a component mixer 36. The pump 
outlet conduit i6 through which the accelerator material flows 
Is Interrupted by a selector valve 37 which, when In the dotted 
line position shown In FIG. I, permits accelerator material flow 
to the mixing Junction 32. For many polymerliable resins, the 
mixing ratio Is on the order of about ten parts base material to 
about one part accelerator material by volume. 

The component mixer 36 comprises any suitable mixing 
apparatus tor thorough mixing of the component materials Into 
a homogeneous mixture of prescribed ratio to fom the curable 
composition. While no specific mixer construction Is shown or 
contemplated, a so-called static mixer of the type described 
In U. S. Patent Nos. 3,404,869 and 3,583,678 Is preferred. Such 
a static mixer Includes a plurality of Internal flow paths 
without moving parts designed for dividing and reuniting the 
material pumped therethrough by the metering pumps 24 and 26 so 
that the resultaht composition exiting the downstream end 38 of 
the mixer 36 Is homogeneously mixed. 

A dispensing valve 40 Is positioned at the downstream 
end 38 of the component mixer 36 to open and close a f low path 
42 through a dispensing nozzle 44. When the dispensing valve 
40 Is In the dotted line position shown In FIG. I. the flow path 
42 Is open and the mixed composition Is free to flow outwardly 
from the dispensing nozzle 44. In a typical operating environ- 
ment, the dispensing valve 40 Is manually opened and closed by 
moans of a trigger switch (not shown) or the like, and at least 
the dispensing nozzle 44 Is mounted at the free end of a flexible 
conduit to allow the mixed composition flow to be applied to 
the specific application surface desired. 
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When the system Is started up, the two metering 

pumps 24 end 26 are driven appropriately to supply the acceler- 
ator material 12 and the base material 16 In the prescribed ratio 
to the component mixer 36* it has been found, however, that the 
Initial portions of^the mixed material from the mixer 36 may 
not be precisely the desired homogeneous composition of pre* 
scribed ratio since the -materials commonly do not achieve 
equlllbH-um flow for mixing through the mixer 36 until after 
passage of a relatively short initial mixing period. Moreover, 
Initial portions of mixed composition may Include high propor- 
tions of one of the two materials remaining in the mixer from 
prior flushing steps, as wl II be described. In any event, this 
Initial "off-ratio* or Insufficiently mixed composition Is not 
wasted, but Is bypassed to a dilution circuit 46. 

More: specifically, upon start-up of the system 10, 
the dispensing valve 40 Is closed, as shown by the solid line 
position In FIG. i, and a bypass valve 48 Is opened (also shown 
by the solid line position In FIG. I) to open a bypass flow path 
50 leading from the downstream end 38 of the mixer 36 to the 
dilution circuit 46.. The initial "off-ratio" or Insufficiently 
nixed composition Is thus supplied through the bypass flow path 
50 to a mixing. Junction 52 wherein this material Is diluted by 
mixture with a diluent stream flowing through a dilution ciroult 
conduit 54. 

The dilution circuit conduit 54 has an Inlet end 56 
received Into the base material reservoir 18, and a dilution 
circuit metering pump 58 draws a metered quantity of the base 
material 16 from the reservoir for supply through the conduit 
54 to the mixing Junction 52. Preferably, the quantitative flow 
rate of base material through the dilution circuit conduit 54 
Is substantially greater than the total flow through the bypass 
flow path 50 so that the total proportionate concentration of 
accelerator material at the mixing Junction 52 Is^ relatively 
low. It is lrn)ortant that this proportionate concentration of 
acceleration materia! at the mixing Junction be sufficiently 
low to preclude curing of the dl luted mixture within a reason- 
able period of time, say on the order of at least about a few 
hours. 

The total flow of diluent base material and mixed 
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opposition Is supplied to e dilution mixer 60. which also 
preferably comprises a static mUer of the general type dlsclos- 
ed in U. S. Patent Nos. 3.404,689 and 3.583.678. This Static 
„,xer thorxHighly mixes the materials passing therethrough Into 
a homogeneous mixture, and discharges that homogeneous mixture 
through a return portion of the dl lutlon circuit conduit 54 to 
the base material reservoir 18. 

In a typical operating exairple of the system 10. 
the base material 16 and the accelerator material 12 are mixed 
0 together In . ratio of about 10:1 to form the curable, composi- 
tion. The initial "off-retio- or Insufficiently mixed portion 
«f the composition Is bypassed to the dilution circuit 46 for 
mixture with the diluent stream of unmixed base material 16. 
This dl luent stream Is provided to the mixing Junction 52 In 
15 8 ratio of about 10:1 with respect to the bypassed material, 
whereby the diluted mixture returned to the base material 
reservoir 18 has a base/accelerator material nrtlo of about 
100:1. For a majority of system environments, this relatively 
mlnlscule contamination of the base material In the reservoir 
18 is insufficient to cause any curing within the reservoir IB 
during a reasonable residence period of several days, and more- 
over, the contamination Is Insufficient to affect adversely 
the characteristics of subsequent mixed composition supplied 
thrxwgh the dispensing nozzle 44 even though the base material 
25 for that subsequent canposltlon Includes a small amount of acce- 

I erator material. 

in normal use, the dispensing valve 40 is maintained 
closed and the bypass valve 48 Is held open during start-up 
procedures for a time period sufficient to allow the composition 
30 at the downstream end 38 of the mixer 36 to achieve or read, 
satisfactory physical characteristics, namely, a homogeneous 
mixture of the prescribed ratio. After this time period has 
elapsed, the bypass valve 48 Is closed and the dispensing 
valve 40 can then be opened or closed as desired to dispense 
35 the composition through the dispensing nozzle 44. This operatic, 
of the valves 40 and 48 can be accomplished manually after 
expiration of the appropriate time period, or automatically by 
means of a control system 62 Including suitable timing devices 
(not shown) and control circuits 64 coupled to the valves for 
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positional control thereof. This control system 62 can also be 
coupled by appropriate circuits 66 to the metering pumps 24, 
26, and 58 for controlling the on^off state of those punf>s. 
Conveniently, the details of the suitable control system 62 
Including the necessary timing devl€::es and means for signalling 
and operating the valves and the metering pumps In response there- 
to are believed to be well Icnown to those skilled in the art. 

When It Is necessary to maintain the dispensing valve 
40 in a closed position for a period of time wherein curing 
of the composition within any portion of the system is possible, 
the mixed ccmposition must be flushed or purged from the com- 
ponent mixer 36, the flow path 42, the dispensing valve 40, and 
the dispensing nozzle 44. For this flushing step, the dispensing 
valve 40 is maintained closed and the bypass valve 48 Is opened. 
At the same time, the selector valve 37 along the outlet conduit 
28 from the pump 24 is moved to a purge or flush position as II lu-* 
strated by the solid lines In FIG. I to return the accelerator 
material 12 to the reservoir 14 via a return conduit 68. If 
desired, this control of the selector valve 37 can also be 
provided automatically by the control system 62 via a control 
circuit 70 coupled to the valve 37. 

in this condition of operation, the base material 
supplied by the metering pump 26 continues to flow to the com- 
ponent mixer 36 to flush the mixed composition through the 
bypass valve 48 to the dilution circuit 46. There, the bypass- 
ed composition Is Joined with the dl luent stream at the mixing 
Junction 52, and the total flow Is supplied to the dilution mixer 
60 for thorough mixing of the material and resultant alteration 
of the proportionate concentration of the accelerator material 
to a low, insignificant level. This level of accelerator 
material concentration Is at a maximum upon Initiation of 
flushing and steadily decreases until sufficient time has 
elapsed for all the mixed composition to be removed from the 
component mixer 36. Importantly, relative proportions of the 
materials flowing through the dl lutlon mixer 60 are chosen such 
that the cure time of the diluted mixture Is acceptably long at 
the outset of flushing operation- This diluted mixture Is 
returned to the base material reservoir 18. and after sufficient 
elapse of time, the various metering pumps are shut doirfn either 
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n^uellY or by the control system 62 to piece the dispensing 
system 10 In • shut do.n condition. While shut do-n, the 
component mixer 36 Is filled with base meterlel 16 which. In 
the absence of any significant proportion of accelerator mat- 
erial, will not cure for a reasonable period of time. 

Upon restarting the dispensing system, the metering 
pumps 24 and 26 are activated to supply accelerator and base 
material in the specified proportion to the component mixer 
36 These materials flush the unmixed base material or 'off- 
ratlo' material from the mixer Into the dilution circuit 46 
for mixture with the dl luent stream pumped by the metering 
pump 58. This operating condition Is maintained for a suffl- 
dent period of time until the composition at the downstream 
end 38 of the component mixer 36 reaches a physical state com- 
prising a homogeneous mixture having the desired proportions 
of base and accelerator materials. When this occurs, the bypass 
valve 48 Is closed and the dispensing valve 40 can be opened 
end closed as needed to dispense mixed composition through the 
nozzle 44. 

The dispensing system 10 of this Invention provides 
a highly advantageious system in that base and accelerator 
materials are hanogeneously mixed together and supplied In 
specified proportion through a dispensing nozzle without waste 
of any portion of the material at any tl««. The system effective- 
ly bypasses '•off-ratio^ or Insufficiently mixed portions of the 
material during start-up or restart procedures wherein that 
bypassed material Is saved without curing for later use. Simi- 
larly, during shut-down procedures, the curable canposltlon Is 
flushed from the system without any waste by alteration of the 
30 proportional concentrations of the materials therein and by 

saving this altered concentration material without curing for 
later use. 

one preferred arrangement of a portion of the dispens- 
ing system 10 Is shown in more detail in FIG. 2. As shown, the . 
35 dispensing nozzle 44 Is fonndd In a valve block 72 including 
the composition flow path 42 as a tapered converging passage 
opening from the Interior of the valve block 72 to atmosphere. 
The dispensing valve 40 Is enbodled In a matlngly tapered valve 
head 74 carried by a valve stem 76 received through a sealed 
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stem opening 78 for connection to appropriate actuation means 
(Not shoirfn). The valve head 74 Is movable along the mis of the 
valve stem 76 to an open position retracted from the dlspensli^g 
nozzle 44, as shown In FIG. 2, and a closed position seated upon 
the tapered Inside surface of the nozzle 44. This provides a 
dispensing valve construction with substantially zero residual 
volume when closed to prevent entrapment of any portion of the 
curable composition In the area of the closed dispensing valve 
40. , 

The valve block 72 Includes an Inlet port 80 for 
connection to the downstream end 38 of the component mixer 36. 
This mixer 36 Is supplied with the base material by the pump 
outlet conduit 30 connected In-line with the upstream end of the 
mixer, and the accelerator material is supplied to the mixer 
coaxlaliy within the conduit 30 by the other pump outlet conduit 
28. Conveniently, as illustrated, the downstream end of this 
latter conduit 28 includes a ball valve asseifibly 82 or the like 
to prevent backf low of any material thereinto. 

An outlet port 84 Is formed in the valve block 72 for 
connection to the upstream end of the di lution mixer 60 of dl lu- 
tlon circuit 46. This outlet port 84 is in communication with 
the inlet port 80 via an Internal valve block flow passage 86 
which also communicates with the dispensing nozzle 44. Accord-* 
ingly, when the dispensing valve 40 is open, an open flow path 
is defined for discharge of mixed cociipositi€)n from the component 
mixer 36 through a portion of the flow passage 86 and the dls* 
pensing nozzle 44 to atmosphere. Itowever, when the dispensing 
valve 40 Is closed, the cor-osltlon or material from the mixer 
36 Is confined to the flow passage 86. 

The bypass valve 48 comprises a poppet valve head 88 • 
for engagement with a valve seat 92 along the length of the valve 
block flow passage 86 downstream of the dispensing valve 40. This 
valve head 88 is carried by a valve stem 90 which projects out- 
wardly from the valve block 72 through a sealed opening 94 for 
connection to suitable actuation means (not shown). The bypass 
valve head -8, when In the open position as shown In FIG. 2, 
permits flow of the composition in the flow passage 86 Into 
the dilution mixer 60. Of course when the bypass valve head Is 
closed, flow of the compcsition from the component mixer 36 Into 
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the dilution mixer 60 Is prevented. 

A second Inlet port 96 Is fonwd In the valve block 
72 adjacent the outlet port 84. This second Inlet port 96 Is 
connected to the dilution circuit conduit 54 through which the 
diluent stream of base material Is supplied by the punp 58 
(FIG. 1). This Inlet port 96 Intersects with the Internal flow 
passage 86 at a position Irnnedlately downstream of the valve 
seat 92 and the bypass valve head 88. Thus, the dl luent stream 
flows freely Into the dilution mixer 60 regardless of whether the 
bypass valve 48 Is open or closed, with the Intersection between 
the Inlet port 96 and the flow passage 86 defining the mixing. 
Junction 52. 

The valve body arrangement shown In FIG. 2 advantage- 
ously provides a short flow path between the downstream end 38 
of the coin>onent mixer 36 and the dispensing nozzle 44. More- 
over, a short flow path Is provided between the dispensing valve 
40 and the bypass valve 48 so that very little residual material 
can become trapped between the two valves when the bypass valve 
48 Is closed and the dispensing valve 40 Is opened. Further, 
when the bypass valve 48 IS opened and the dispensing valve 40 
Is closed, the entire flow passage 86 between the Inlet and 
outlet porfs 80 and 84 Is relatively short In length and swept 
substantially completely by the material flowing therethrough. 
Thus, during flushing, mixed composition Is swept completely 
through the short flow passage 86 to the closely adjacent mixing 
Junction 52, and this composition Is In turn swept completely 
by the diluent strean flowing from the second Inlet point 96 
to the outlet port 84. 

The entire valve body arrangement of FIG. 2 Including 
the mixers 36 and 60 can be Incorporated Into a unitary head 
assembly which Is relatively small In size and light In weight. 
This provides a system wherein minimal volumes of material are 
required for the various start-up and shut-down procedures, and 
wherein the resultant head assembly Is easily directed to the 
desired point of application by the operator. 

An alternative embodiment of the Invention Is shown 
In FIG. 3 to Illustrate various Improvements which can be 
Incorporated Into the system. For sake of convenience, the 
embodiment of FIG. 3 Includes primed reference numerals to refer 
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to structural components carwnon to those shown and described 
in FIGS. I and 2. As Illustrated, accelerator and base materials 
l2'.aod 16' are drawn respectively from reservoirs 14* and 18' 
through conduits 20' and 22' by a pair of pumps 124 and 126. 
These pumps 124 and 126 supply the materials respectively through 
appropriate meters 123 and 125 and outlet conduits 28' and 30' 
to a mixing Junction 32' and further to a component mixer 36». 
As In the prior eirt>odlmont, a selector valve 37' Is operable to 
couple the accelerator material to the mixing Junction si' when 
In the solid line position shown In FIG, 3, and to return the 
accelerator material to the reservoir 14' via a return conduit 
68' when the valve 37' Is In the dotted line position. 

A heater 200 Is coupled along the base material outlet 
conduit 30' for selective elevation of the temperature level of 
the base material prior to supply thereof to the component mixer 
36' i This heater 200 Includes appropriate heat Input means, such 
as an electrical resistance circuit 202. Accordingly, the 
resultant curable composition exiting the downstream end 38" of 
the mixer 36' is substantially elevated In temperature for the 
purpose of substantially reducing the cure time of the composition. 
For example. In a polymerlzable resin having a curing time of 
about twenty-four hours at room temperature, elevating the 
temperature level of the resin to about 90 degrees C results In 
a resIn which becomes tack-free in about five minutes and totally 
cured In about throe hours. 

The heated, mixed composition Is supplied through a 
valve block 72' to a dispensing valve 40', and further through 
a dispensing nozzle 44' when the valve 40' Is open. During start- 
up or restarting, however, the Initial portions of the composi- 
tion may not be homogeneously mixed and/or "6ff-ratlo", whereby 
the dispensing valve 44' Is held closed and these Initial portions 
are bypassed through an open bypass valve 48' to a dilution cir- 
cuit 46». 

The dilution circuit 46* Includes a conduit 54' which 
in this embodiment, can be conveniently coupled to the downstream 
end of the base material pump 126 at a position upstream of the 
meter 125. The base material diluent stream Is provided In 
appropriate proportion to dilute the bypassed material to an 
extent that the diluted mixture w| || not cure within a reasonable 
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allow passage of the composition to and through a dispensing 
nozzle 244 for seiectivs dispensing of the canposition. 

In the embodiment of FIG. 4. the mixer 236, the dis- 
pensing valve 240, and the dispensing nozzle 244 can be in- 
corporated Into a single lightweight dispensing head 241 which Is 
easily moved to the desired point of application for dispensing 
of the composition. This allocs the remaining conponents of the 
system such as material reservoirs, pumps, and the like to be 
Installed oo a main support frame or the like (not shown) sepa- 
rate from the mobi le dispensing head. However, whenever the 
composition passing through the mixer 236 is not satisfactorily 
homogeneous or is •off-ratlo\ or whenever it is deslrBd to flush 
mixed composition from the system, the composition Is quickly and 
easily diluted by mixing with a substantial quantity of the base 
material. In generally the same manner as described with respect 
to FIGS. 1-3. However, In the embodiment of FIG. 4. the dispensing 
nozzle 244 Is adapted for releasable oonnecfion to a dilution cir- 
cuit 246 so that components of the dl lutlon circuit can also be 
Installed upon a main support frame separate from the dispensing 
head. 

More specifically, the dispensing nozzle 244 Is adapted 
for Insertion Into and rereasable connection with a suitable quick 
release coupling 248 which, when coupled with the nozzle 244, opens 
a spring loaded ball valve 249 to couple the composition to a 
mixing Junction 252. This mixing Junction 252 Is also supplied 
with the diluent stream of the base material by another conduit 
254 through which the base material is supplied in the same manner 
as that described with respect to the conduit 54 and mixing Junction 
52 In FIG. 1. The resultant mixed composition is supplied to and 
thoroughly mixed in a dilution mixer 260 for return through another 
portion of the conduit 254 to the reservoir of the base material. 
Conveniently, this dl luent stream of the base material flows through 
the mixing junction in a manner to sweep the volume surrounding 
the ball valve 249 and thereby prevent any portion of the con- 
position from becoming trapped by the ball valve. 

In operation, the base and accelerator materials ere 
mixed homogeneously In prescribed ratio for supply through the 
dispensing valve 240 and nozzle 244 to an appropriate point of 
application. When it is desired to flush the composition from the 
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system, the dispensing nozzle 244 Is coupled to the quick-release 
coupling 248 of the dilution circuit 246, and the dispensing valve 
Is moved to the open position. At this time, the supply of the 
accelerator materiel to the mixer 236 Is halted and the supply of 
the base material Is continued to flush the mixed conposltlon 
Into the dilution circuit 246 for dilution with base materiel. 

When It Is desired to restart the system, the base 
and accelerator materials ere res"PpHed to the component mixer 
236 to flush the unmixed base material therefrom. Until the 
composition welting the dispensing nozzle 244 becomes homogeneous 
and has the prescribed ratio of component materials, the dis- 
pensing nozzle 244 is left connected with the dl lutlon circuit 
bo bypass the unsatisfactory or "off-ratio'^ composition for dilu- 
tion. After elapse of sufficient time for the mixture to reach 
the desired state, the dispensing valve 240 Is closed and the 
nozzle 244 Is uncoupled from the quick-release coupling 248, 
whereupon the system Is ready for dispensing of composition In a 
normal manner by operation of the dispensing valve. 

A varelty of modifications and Improvements to the 
Invention described herein ere believed to be apparent to one 
skilled In the art. Accordingly, no limitation upon the Invention 
Is Intended by way of the description herein, except as set 
forth In the appended claims. 
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CUtHS 

1. A method of dispensing a curable conposltlon 
formed by a mixture of first and second materials, comprising: 
the steps of: supplying and mixing the first and second 
materials In a p rescrlbeid rati o within a first mixing device; 
dispensing the composition from the first mixing device 

during a first condition of operation; and diluting the composi- 
tion within a second mixing device with a diluent stream fonned 
substantially by the first material In sufficient quantity to 
fonn a diluted mixture having a sufficiently low concentration of 
the second material to prevent curing of the diluted mixture for a 
substantial period of time. 

2. The method of claim I Including the steps of 
halting supply of the second material during the second condi- 
tion of operation, continuing supply of the first material to 
flush the composition from the first mixirig device to the 
second mixing device for mixture with the diluent stream, and re- 
turning the diluted mixture to a reservoir for the first material. 

3. The method of claim 2 wherein said returning 
step comprises returning the diluted mixture to a region of 
the reservoir for relatively prompt withdrawal thereof to the 
first mixing device. 

4 "Dte method of claim I wherein said diluting 
step comprises supplying the first inaterlal to the second 
mixing device In a prescribed ratio with respect to the compo- 
sition. 

5. The method of claim I Including the steps of 
heating at least one of the first and second materials supplied 
to the first mixing device to form the composition to have an 
elevated temperature, and maintaining the diluent stream at a 
temperature to provide the diluted mixture having a temperature 
substantially lower than the elevated temperature. 

6. The method of claim 2 Including the step of further 
mixing the diluted mixture In a third mixing device positioned 
closely adjacent the reservoir of the first material. 

7. - The method of claim I wherein said dispensing 
step comprises dispensing the composition from the first 
mixing device through a dispensing nozzle when the composition 
has a desired set of physical characteristics, and wheroln 
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said diluting step comprises supplying the composition to the 
second «lxlng device for mixture with the diluent stream when the 
composition lacks said desired set of physical characteristics. 

8. The method of claim 2 Including the step of 
returning the second material to a reservoir therefor 
during the second condition of operation. 

9 The method of claim I -herein said supplying and 
mixing step'comprlse supplying the conposltlon fro-, the^f Irst 
mixing device to the second mixing device during an nit al 
period of operation for mixture of the composition with first 
material In sufficient quantity to fon. a diluted mixture having 
a concentration level of the second material sufficiently low 
to prevent curing of the diluted mixture for a substantial 
period of time, said dispensing step comprising dispensing the 
composition from the component mixer through a dispensing nozzle 
after said Initial period of operation, and said diluting step 
canprlslng selectively flushing the composition from the first 
mixing device after said dispensing step by stopping supply 
of the second material to the first mixing device and by supply- 
ing the composition therein to the second mixing device for dilu- 
tion with first material In sufficient quantity to form a diluted 
mixture having a concentration level of the second material 
sufficiently low to prevent curing of the diluted mixture for 
a substantial period of time. 

10. An apparatus for dispensing a curable composition 
formed by a mixture of first and second materials, comprising: 
means for supplying and mixing In prescribed ratio the first 
and second materials within a first mixing device to form the 
curable conposltlon; means for dispensing the composition 
through a dispensing nozzle during a first condition of opera- 
tion; and means for supplying and mixing the composition In 
prescribed ratio within a second mixing device with a diluent 
stream of substantially first material during a second condition 
of operation, said diluent stream being provided In sufficient 
quantity to form a diluted mixture having a sufficiently low 
concentration of the second material to prevent curing of the 
diluted mixture for a substantial period of time. 

II. The apparatus of claim 10 Including means for 
halting the supply of the second material to said first mixing 
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device during at least some operating conditions when the 
composition Is supplied to said second mixing device. 

12. The apparatus of claim 10 Including means for 
returning the diluted mixture to a reservoir for the first 
material. 

13. The apparatus of claim 10 wherein said first 
mixing device comprises a static mixer, and wherein said second 
mixing device comprises a static mixer. 

14. The apparatus of claim 10 Including means for 
heating at least one of the first and second materials supplied 
to said first mixing device. 

15. The apparatus of c'alm 12 Including a third 
mixing device for additional mixing of the diluted mixture at a 
position adjacent said first mteria I reservoir prior to 
return of the diluted mixture to said first material reservoir. 

16. The apparatus of claim 10 Including a selectively 
controllable dispensing valve having substantially zero residual 
volume when closed for selectively controlling supply of said 
composition to the dispensing nozzle and to the second mixing 
device. 

17. The apparatus of claim 16 wherein the volume of 
said dispensing valve Is substantially swept by said diluent 
stream when said valve Is In a position coupling the composition 
for flow to the second mixing device. 
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